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I. INTRODUCTION
• One of the most severe deficiencies of polyurethanes as engineering
materials for electrical applications has been their sensitivity to combined
humidity and temperature environments. Gross failure by reversion of
urethane connector potting materials has occurred under these conditions.
This has resulted in both scrapping of expensive hardware and reduction
in reliability in other instances.
A basic objective of this study has been to gain a more complete
understanding of the mechanisms and interactions of moisture in urethane
systems to guide the development of reversa.'on-resistant materials for
connector potting and conformal coating applications in high humidity
environments.
Basic polymer studies of molecular weight and distribution, polymer
structure, and functionality were carried out to define those areas rcspon
sible for hydrolytic instability and to define polymer structural feature_
conducive to optimum hydrolytic stability.
Polyurethanes are made essentially of three basic components:
1) Polyols
2) Diisocyanates
3) Chain Extenders.
It is the interaction of these three components which produces the poly
urethane :
H O R OH + OCN R'- NCO
polyol diisoeyan at c
O O
II II
i OCN R" - NHC - O - R O - CNH - R" NCO
i
urethane prepolymer
'i MFS-25663
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The urothane is cured with chain extenders which results in a crosslinked
thermosetting material :
OCH-R -NH-C-O-R-O-C-NH-R -NCO + HO-R"H-OH
I
OH
urethane prepolymer triol
0 0 0 0
II I I I
-O-R "H-O -C -NHR "-NHC -OR-OC-N H-R "-NHC
I I
O O
I
C-NH-R "-NHC-OR-OC-NH-R "-NH-C-O-R "'H-O-
Il II I |
0 0 0 0
cured urethane
i Four types of polyols considered in this report which are used to produce
t polyurethanes are:
t o o! !
t H_(OR_OC_R,_C_O)n_OH .,1) polyester
rI 2) polyether H- (O-R-O-R')n-OH
1 3) polybutadiene HO-(R-CH=CH-RV)n-OH
4) hydroxy-terminated HO- (R-CH 2CH2-Rt)n-OH.
alkane
Five polyether polyols, varying in molecular weight from 360 to 3000,
were used for preparing polyurethanes to be used in this study. The
first commercially available urethanes were based on polyester polyols.
i Conventional polyesters are made by reacting an organic acid with a diol.: The polyester a ways contains some unre ted acid which acts as an
initiator for hydrolytic degradation. Bond damage is a reversal of the
'l aeid-dtol reaction at the ester linkage. Since urethanee prepared from
i polyethers are generally five to ten times more resistant to hydrolysis
than those prepared from polyesters, ether-based urethanes have been
1_FS-25663
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used in this study. The ether group is the group most resistant to
hydrolysis in the ether-based urethanes, and the rate of degradation
depends upon the susceptibility of the carbamate, urea, and biuret groups,
which are formed in addition tu the basic urethane linkage.
Urethanes prepared from hydroxy-terminated polybutadiene are
hydrolytically stable and have excellent dielectric properties. These
polybutadiene-based urethanes are more hydrophobic than polyethers and
the long polymer chain probably shields the hydrolytically sensitive car-
bamate linkage frown moisture, tlowever, these urethanes are oxidatively
unstable. The material cracks severely in the presence of ozone. The
" unsaturation in the polybutadiene structure is believed responsible for
this instability. Alkane polyols can be prepared by the hydrogenation of
hydroxy-terminated polybutadiene. Urethanes prepared from these polyols
- should be oxidatively stable and at the same time retain the excellent
hydrolytic stability of the polybutadiene-based urethanes. Five hydroxy-
terminated alkmms, varying in molecular weight from 200 to 4000, were
used for preparing polyurethanes to be used in this task. This study
has been directed toward a c_3mparison of the hydrolytic stability of ether-
based uretham's with that of alkane-based uretham, s.
Diisocyanates are the second group of components used in the
manufacture of polyurethanes. These chemicals end-cap the polyols and
supply the active sites necessary for cross-linkinl,_. The most commonly
used and least expensive dii_cyanate is 2,4-toluene diisoeyanate (TDI)
which was used in this study, No attempt was made to evaluate other
diisocyanates for effects on physical properties. Since TDI was used in
the preparation of all the test urethanes, it should not be a contributor
to any differences in hydrolytic stability.
The final component of polyurethanes is the chain-extender or cross-
linker. This component allows the urethane prepolymer to reach its final
molecular weight and cures it. The chain extenders fall into two cate-
gories, diols ap.d diamines.
The diol type was used in tiffs study. A mixture of 2 ethyl-l,
3 hexane diol and triisopropanol amine was used. The most common
diamine type is 4,4' methylene his (2 chloroaniline), known under the
I)uPont trade name MOCA. This eurinl_ agent adds toughness to the
urethane, but it was ,_ot used in this study bcmause it is a carcinogen
suspect.
The alkane and ether diois used were characterized for molecular
weight, molecular wei_,'ht distribution, and functionality. A method was
developed for the preparation and purification of the urethane polymers.
The urethanes were characterized for molecular weight, molecular weight
distribution, and functionality. Cure techniques were developed. The
urethanes were prepared, characterized, molded, and cured into configu-
rations for testing. Test specimens were immersed in a tank of water
at 160°F and monitored on a weekly basis. Four-inch discs were tested
1983010641-008
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for surface and volume resistivityand hardness. Two-inch discs were
checked for di_.lectricconstant, dissipationfactor,and water absorption.
Y-patterns were prepared, exposed in an environmental chamber at 160°F
and 95 percent relativehumidity, and tested for insulationresistance.
Film was prepared from each urethane and used to determine moisture
permeability.
II. POLYMER DEVELOPMENT
A. Alkane Diols
Alkane diolsare prepared by the hydrogenation of polybutadiene
polyols. One typicalcommercially availablehydroxy-terminated polybu-
tadiene is:
CH2) OH/
_H = CH CH = CH
HO_ "CH 2 H CH 2 - C CH 2
CH=CH 2
n
The predominant configurationis Trans-l,4 (60 percent)with approximately
20 percent each Cis-1,4 and Vinyl-l,2. The terminal hydroxyl groups
are primary and predominantly of the allylictype. The hydroxyl func-
..
tionalityis about 2.0 to 2.4.
Hydrogenation yields tlO CH2 4 i 12
CH2-'-CH3 n
General Tire and Rubber Company markets alkane dJols of this type under
the trade name Telagen-S. The alkane diols used in this study were:
1) 1, 12-Dodecanediol
2) Telaffen-S A595-88
3) Telagen-S 3 HPL-185M
4) Telagen-S 3 HPL-186L.
A
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One alkane-based urethane, NBP 129001, a toluene-2,4-diisocyanatetermi-
nated Telagen-S prepared by Monsanto Research Corporation, was used
in the comparative tests. Telagen-S A595-88 is a purified,primary
hydroxyl-terminated alkane diolprepared by General Tire. This material
is essentiallydifunetionalwith a narrow molecular weight distribution.
Telagen-S 3 HPL-185 is _ mixture of hydroxyl-terminated alkane
diolsprepared by General Tire. Figure 1 shows a gel permeation chro-
matogram of this material. There are three principalmolecular weight
distributionsin this mixture. The lower the moleculsr weight, the more
solubleare these diolsin a methylene chloride-methanolmixture. This
principlewas used for isolatingthe medium molecular weight fraction.
It was designated Telagen-S 3 HPL-185M and used as one of the alkane
diolsin this study.
MEDIUM
MOLECULAR WEIGHT
TELAGEN-$
HIGH
MOLECULAF. WEIGHT
TELAGEN.-$
, / Lo.MOLECULAqWEIGHTTELAGEN-$
tk|
CARRIER THF
FLOW RATE 1 I_i./MIN
CHARTNED 1 C_IN
[
I I i' I l I 1 i '
210 ZS 30 _ 4W 4S M I
TIME iMINUTI.I)
Figure I. Gel permeation chromatogram for
Telagen-S 3 HPL-185,
MFS-25663
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A solutlbr[of the mixturewas prepared by dissolving300 grams of
Telagen-S3 HPL-185 in 3000ml methylenechloride.When methanolwas
added to thissolution,two phases separated- an oilylayeron top and
a methylenechloride-methanolsolutionon the bottom. Methanolwas added
in incrementsand the separationwas monitoredby GPC techniques.
Figure 2 isa gelpermeationchromatogramof the methylenechloride-
methanolsolutionafterthe additionof 300 ml of methanol. The high
molecularweight fractionhad been removed from the solution.The
methylenechloride-methanolsolutionwas separatedfrom the oily,high
molecularweightfraction,and incrementsof metharolwere again added
to the solution.After 450 ml more methanolwas added, '.hemethylene
chloride-methanolsolutionwas discarded. The oilylayerwhich contained
the medium molecularweightfractionwas retained. Itschromatogramis
shown in Figure 3. Telagen-S 3 HPL-186L was prepared from Telagen-S
3 HPL-186 in a similarmanner.
CARRIER TN@
FLOW IqATIE _MLRINN
CHART IIPI|D 1 C_
ItDIUM
MOL|CULARWEOGHT
* i TTLAGEN-I
i
i
i&| LOW
A MOLECULARWIlGI4T m
I
/ •i
I I I I I I / i
Tmm mmKn1$!
Figure 2. Gel permeation cl_omatoffr_ for methylene chloride-
methanolsolubleportionof Telagen-S3 HPL-185.
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Figure 3. Gel permeation ehromatoffram for Telagen-S 3
FIPI,- 185_i.
B. Ether l)iols
The ether based urethanes tested in this study were prepared from
polyethylene glycols (PEG). A [zeneral formula would be ii (OCIi 2
CH2) n Oil. PEG is awLilable commercially in several molecular weights.
The ether diols used in this study were:
1) Carbowax 400
2) Carbowax 600
3) Carbowax 1000
4) Carbowax 1540
5) Carbow_x 4000.
_S-25663
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Carbowax is the Union Carbide Chemical Company trade name for PEG.
The number corresponds to an approximate molecular weight. The
Carbowax samples used were essentiallyone component with a narrow
° molecular weight distribution. This is illustratedin Figure 4, a gel
per_neationchromntogram of 8 typicalCarbowax.
_4kmllll II THII
Ir I.OW IqAT! 1 Ul,.flk_N A
CHAAT IPlllO 1 Clktl_llkl
I
!
.... l ...... I T- T l ----
31o )i 41o 411
It L_NUTII)
Figure 4. (;elpermeation ehrom.togram for Carbowax 4000.
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C. Characterization of Prepolyme"s
' No attempt was made to verify the structure of the polyols. How-
ever, the assumptions previously made were:
I) Telagen S HO-_(CH 2)_'--CH 2---_H_ (CH 2)12_ OHn
CH 2 - CH 3
i! 2) Carbowax II-----(OC H 2 CH2 n-)_OH
3) 1,12 Dodecanediol HO-----_CH2)i2 OH.
,; The diols were char_,cterized for molecular weight, ,noleeular weight dis-
tribution and functionality. Characterization of the prepolymers is shown
"_ in Table 1.
TABLE I. CHARACTERIZATION OF PREPOLYMERS
i Molecular Weight
L
Number Weight Distribu- Function-
Prepolymer Average Average tion alitv
i, 12-Dodecanediol a 202 207 i.02 2.00
Carbowax 300b 318 J87 1.22 2.15
Carbowax 400b 361 426 I.18 1.84
Telagen S 31IPL-186La 506 996 1.73 1.87
Carbowax 600b 538 648 I.20 1.84
Carbowax I000b 977 1120 I.15 2.02
Carbowax 1540b 1361 1506 l.ll 1.94
i
l Telagen S A595-88a 1660 2129 1.28 2.12[
Carbowax 4000b 2989 3276 1.10 1.94
I Telagen S 311PL-185Ma 3962 5769 1.46 1.93
a. Alkane l)iol
b. Ether l)iol tdFS-25663
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Moh.,euia_' ':,eight and molecular weight di..,t1>_;ution of the diols were
determine_z using gei permeation chromatographic (GPC) techniques. The
chromatography studies were carried out on a Waters Associates liquid
" chromatograph equipped with a Model 6000A solvent delivery system,
Model 440 absorbanee detector, and R 401 differential refractometer. A
•. series of five columns packed witn _ Styragel * (two 500 A, two 1000 A,
and one 10,000 A) were used in this study. Tetrahydrafuran (THF) was
used as the carrier. Numerical values for molecular weight, number and
weight -tve:',_.?'e,and molecular weight distributionwere generated from
GPC uatv.. In GPC of polymers. M In] has been found to be a "Universal
Calibration"parameter, where T1is intrinsicviscosityand M is molecular
weight. A calibrationcurve for low molecular weight polymers (300 to
20,000 .M) usin_,"the universal calibrationcurve log M [q] versus elution
i volume w-_sused in this study. __ymers used for this calibrationincluded
polystyrene, polypropylene glycol, and polyethylene glycol. The value of
: q was detern,ine,1experimentally for each diolat 30°C in THF.
'din |_-t/t° - 11
,.I
where
t = effluent time of sample, see.
t o = effluent time of TItF, see.
C = concol,tration, g/100 ml THF.
t/t 1
The valuo oj tiw tt.'l't_l 0C is mt, asurod fol' several different con-
centration_o{ sample in T|IF and is plotted versus concentration. The
value c/"tho tet'mwhen extrapolated to zero concentrationis equal to [q].
Intrinsicvi._,co,_;ityis a measure of the hydrodynamic volume of the polymer
particles, it is correlatedwith molecular weight by the Mark-Houwink
equation:
['] =-k.£,v o
ORIGINAL PAGE B
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where
M v = viscosityaverage molecular weight
K = constant relatedto polymer solvent/temeraturecombination
ct= Mark-Houwink exponent.
- Viscosity average molecular weight is normally used for the universal
calibrationcurve. However, number-average molecular weight, a good
approximation for narrow molecular weight standards, was used in this
• work.
Weight-average and number-average molecular weight are then cal-
culated from gel permeation chromatographic data using the following
relationships :
n
i___(Hi × M i)
' M =
w =_ (Hi)
: i =
n
i_(H i)M -
n n
1.._1(Hi/Mi )
where
M w = weight-average molecular weight
M n = number-average molecular weight
Hi = height of the GPC at equally spaced intervalsalong the
retentionvolume axis
Mi = molecular weight of species eluting from the GPC column at
those points where H. values are taken.
1
The number-average molecular weight of the diolsused varied from 202
to 3962. This range would include the usual molecular weight, required
in the preparation of polyurethanes for connector potting applications,
MFS-25663
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We_:_._ ave.rage h_olecular weight is equal to o1' greater than number-
average ,,:_ieeuiar weight. The ratio Mw/M is used as a measure of the
breadth c,_ ti_e molecular weight distribution.
1-iydv, cC.:l functionality was calculated from hydroxyl number and
number-._verab:e molecular weight. Hydroxyl number is the milligrams of
OH expre.-_ec_ as potassium hydroxide per gram of sample. The hydroxyl
_,_.g,l_ 1000 xequiva'e:l: : '' is molecular weight of potassium hydroxide/
hydroxyl :_.mber or
56,100
IIyoroxyi equivalent weight = Hydroxyl Number
Function_-Jty,_i"the diolis the number-average molecular weight/hydroxyl
equivalent weight or
M × Hydroxyl Number
}"d' _';j_:mdity n
A fun_.ti,.,:./,itv of two indicates two hydroxyl groups per molecule.
Monofunc_ i, ,:,,:! molecules would prevent clmin extension and result in a
lower m,,J. ,',.,._' wci_'ht of the cured polymer. The functionality of the
diols ,._:,, ,,: ti_i._ study was very close to two considering variations due
to ex[oel'_ilI_t_TJ_;,] Ol'ror.
D. Preparation of Polyurethane._
T}_,. .i_;;,_w. zmd ether-based polyurct!anes were prepared by end-
eappin.,, :!,,. L',,,,i,t'c'live diols with 2,4-toluene diisocyanatc (TDI).
0 0
()_' .... /_x/Ntl(:_(OCH2 CIl2-)_-n--()CNil
%_7"*"C n 3
I
I
.4 Two molo_ l'l)t were reacted with one mole diol to yield the TDI-
. termiz_at_._ '.:',uh:um. llowever, 25 percent excess TI)I was used to insure
complete, _'(,,.iio_, and the excess was removed by extraction techniques.
The tmra i_(,cvanate group is the more reactive of the two isocyanate
groups _ _i., TI)I molecule. This fact minimizes chain extension in the
reaction l,x _:,s_,rinp. lhat only one isocyanatc group in the molecule will
react w_:l: t .... _li_d. Chain extension can also be minimized by running
the rea('litnl ,',qd :rod dry, and always m,'fint_dnimx an excess of TDI in
the react_o,: fl_..l. Figure 5 shows a gel pernmation chromatograph of
MFS-25663
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Figure 5, Gel permeation chromatog'ram of urethane prepared
fl'_m Carbowax 400.
a urethane prepared frt,m Carbowax 400. The major peak (Mn :: 7011) is
a result of the 2 to 1 re*ration of TI)I and Cnrbownx 400. There is a
small amount of chitin extension (Mn : 1250) and some excess TDi, 'i"11o
excess TDI is l,emoved by extraction with Froon TF,
A three neck, 1000-mi, _mnd bottom flask was used as the reaction
vessel. A drying tube packed with indicating Driorite was used as n
breat]'or. The Carbowax was added from a 250 ml dropping funnel. 'l'l_e
rea_. ,on was agitated with a mal,,'netic stirrer and an ice-water bath was
,._ed to maintMn the reaction temperature at 20°C or less. This apparatus
m shown in l'it_ure 6. The apparatus was dried thoroughly, since TD!
reacts readily with moisture, and precautions must be taken when using
this material. A typical preparation would be the end-capping of
Carbowax 1540. Thirty-two grams of TDI were. weighed into the reaction
flask. This was followed with 300 ml methylene chloride. One hundred
grams nf Carbowax 1540 were dissolved in 100 mi methylene chiot'ide and
trar_sferred to the dropping funnel. Tile Carbownx solution was added
d,'opwise to tile reaction flask over a four hour period. The reaction
mixture was m,dntained tit 20°C or less and stirred vi_._orously. After
the addition of the Curbowax was completed, tilt' ,fixture was _lliowetl h)
MFS-25663
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under vacuum. The reaction product was slurried with Freon TF and
transferred to a separatory funnel. The soluble portion containing excess
TDI was drawn off and discarded. The reaction product was extracted
• 10 times with 50-ml portions of Freon TF in this manner. The product
was transferred to sample bottles, dried under vacuum, and stored in a
desiccator.
! E. Characterization of Urethane Polymers
The polyurethanes were characterized for molecular weight, mole-
cular weight distribution and functionality. Characterization of the poly-
_ mers is shown in Table 2. Molecular weight, number and weight average,
and molecular weight distribution of the urethanes were determined using
gel permeation chromatographic techniques in the same manner as were
the prepolymers shown in Table 1.
TABLE 2. CHARACTERIZATION OF URETHANE POLYMERS
Molecular Weight
Number Weight Distribu- Function-
Urethane Polymer iAverage Average tion ality
1, 12-Dodecane-DI a 552 586 1.06 2.05
400 - DIb 729 1272 1.74 1.93
Telagen-S 3HPL- 186L-DI a 765 1492 1.95 1.89
600 - DI b 881 1063 1.21 1.96
1000 - DI b 1322 1766 1.34 2.05
1540 - DI b 1799 2046 1.14 1.94
Telagen-S A595-88-DI a 2126 2802 1.32 2.09
i NBP 129001 a 2737 3733 1.36 2.02
4000 - DI b 3347 4390 1.31 1,96
Telagen-S 3HPL- 185M-DI a 4377 6547 1.50 1.97
1 a. Alkane Based Urethane
b. Ether Based Urethane
bIFS-25663
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Isocyanate functionality was calculated from the percent NCO in the
urethane and the number-average molecular weight of the urethane. The
isocyanate equivalent weight is 4200/percent NCO. Functionality of the
_ urethane is the number-average molecular welght/NCO equivalent weight
_ or
M × percent NCO IFunctionality= n 4200 ,
L
;
A functionalityof two indicatestwo isocyanate groups per molecule.
Monofunctional molecules would prevent chain extension and resultin a
lower molecular weight in the cured polymer.
The isocyanate content of the urethane was determined according
to ASTM Standard D2572. A sample of the urethane was dissolved in
toluene and treated with an excess of a standard di-n-butylamine solution.
The excess amine was titrated with 0.1 N hydrochloric acid using bromo-
phenol blue solution as the indicator.
F. Curing Agents
The urethanes were cured with a mixture of 2-ethyl-I, 3-hexanedlol
and triisopropanolamine. The diolextended the polymer while the triol
provided the crosslinkingnecessary to obtain stabilityto flow at 160°F0
the test temperature. In fact, the alkane-based urethane resin Telagen-S
3 HPL-185M-DI melted at test temperature even though it was cured
entirelywith triisopropanolamine. The amount of curing agent used for
the various resins is shown in Table 3. The ratiodiol/triolwas varied
according to the molecular weight of the urethane polymer. Stoichiometric
amounts of curing" agent were used for complete reaction with the isocya-
nate content of the resin. One gram equivalent of triol was used for
each 2000 grams of resin. This provided one cross-link for each 2000
gram equivalent of resin. The diol was used for any additional curing
agent required. The urethanes were cured at 160°F for 18 hours.
III. ;'OI,YMER EVALUATION
A. Water Absorption of Cured Urethane
The amount of water absorbed by a urethane is a good indication
of *,hehydrophobic or hydrophilic properties of the material. If a ul_thmae
resin absorbs water, the urethane bond willbe in closer and longer oon-
tact with the water and the bond willbe more susceptibleto cieavap.
A hydrophobic backbone could actuallyprotect the urethane bond from
attack by water. The oxygen atom in the ether backbone of the ether-
based urethane can interact with the protons of water to form some
hydrogen bonding. Water would be absorbed and held by the urethane
t4FS-25663
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TABLE 3. CURING AGENTS FOR URETHANE POLYMERS
Curing Agents
Conc., g./100 g Resin
Equivalent
Urethane Polymer Weight Diol Triol
1, 12-Dodecane-Dl 269 23.5 3.3
400- DI 377 15.7 3.3
Telagen-S 311PL-186L-DI 405 14.4 3.3
600 - DI 450 12.6 3.3
1000 - DI 644 7.7 3.3
1540 - DI 925 4.3 3.3 :
Telagen-S A595-88-DI 1017 3.5 3.3
NBP 129001 1355 1.7 3.3
4000 DI 1707 0.6 3.3
Telagen-S 3HPL- 185M-DI 2222 0.0 3.3
molecule, llydrocarbon molecules typical of ttle lmekbone of ttle alkane-
based urethane would tend to interfere with hydrogen bonding between
water molecules and tile oxygen in the polymer and could offer in exchange.
; only the much weaker wmder Waals forces. Very little water would be
absorbed. On tiffs basis the alkane-base urethanes should be hydrophobie.
', The ether based urethanes should be hydrophilie to an extent depending :
] upon the ether content of tile polymer.
I
[ A 2in. disc of each polymer was molded and cured for testing. "
The specimen was immersed in a tank of water maintained at 16001:. The
sample was tested (hdly lk)r the first week and once each week thereafter.
'File sample was removed from the water for testing, blotted with an
absorbent towel, and weighed. The increase in weight was calculated as
absorbed water.
Weight gainq K:_ " 100
Water Absorption, $ = Woight Of-g-dt_pl61 g "I
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The wntt, r ab_orbecl by ,_:_t' r_,..i:_ is ._;ht>w :', ! .blo 4. 'l tie amount
of water absorbed by the urethan_s :_pl)t,arsto be a function of the cal-
culated oxygen content of the re,;ins. The calcul:,tinnis based upon the
molecular weight and ml assumed structure of the polymer and the amount
_" of curing agent gSvet,_ in T'_A)Ie '3. }:i;zure 7 shows a plot of the oxygen
content of the ether based resins versus log of the percent water
" absorbed. Aeeordin K to this (tatn the alkane-based urethane should absorb
; less than 0.1 percent water. The amount found experimentally varied from
0.0 to 0.9 percent. Tlmre is probably some experimental error due to
incomplete removal of surface moisture from the test specimen. This error
would be more significant for the alkane-based urethanes which absorb
very little moisture.
TABI,E 4. WA'I'I':I¢ ABSOItPTION OF CURED URETIIANE
O x y gen Water
Molecuhu" Content Absorption.
Uretlmt,e l'i_lS'mor Woi!,:ht ("o) Max. (_)
l, 12-l)odccane I)L:t 552 18.4 0.0
400 - DIb 729 28.0 3.2
Telagen-S 31lPL-186T,-DIa 765 14.0 0.9
600 - DIb 881 29.2 13.6
1000 - DI b 1322 31.4 30.7
1540 - I)I b 17.q9 32.7 76.4
Telagen-S A 595 88-1)I a 2126 5.7 0.5
NBP 129001 _l 2737 4.5 0.0
4000 - DI t* 3347 34.4 225.9
Telagen- S 311i' !, - 185M - D Ia ,t377 2.9 0.6
a. Alkane I_t_ctl [ircth:me
b. Ether Based [lreth:mc
The ether-b'{sed ureth:mes initbtlly gain wei_'ht when immersed in
water. Th,' 'd_sorl,,,i w;tter t,r_unote_ l_olld eleaw_ge anti degration of the
uretlume. 'rner,, i_ Slllltllt_lllOt)tlS _'_|ill ill weight due to absorption of
water and 1.,..,:, in weight due to degradation of the polymer. This is
another :', _cct, ,,1" experimental error ill measuring absolute values for
water absorptiot_. Ilowever. the fft'ncr;d trend of tim absorption curve
in Figxire 7 woultt ..till b,, v:hlid.
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Figure 7. Oxyt,_n content of urethane versus percent
water absorbed.
B. Effect of Water on ilardness of Cured tlretlmnes
If the uretlmnes absorb water, tl_e urctimne t_md will be more
susceptibk, to cleavage, if tile polymer bo:td is broken, ti_e resin would
become soft and tacky. Thus. tmrdness clmngx, can be used as an indi
cation of hydrolytic attack.
A 4-in. disc of e,:ch polymer wits molded lind cured for testing.
The specimen was intmersed in a tank of water nuflntained at 160°F at, d
tested on a weekly basis initially. The specimen was removed from the
water and dried in a vacuum oven at 120°F for 24 hr. The sltmple wits
then cooled and the hardness wits determined with it Shore Durtmteter.
llardness Type A 2 manufactured by the Shore Instrument Comp.my.
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4 The more z'c,_,lilytim urelhane ausorbs water if'able4), the more
I susceptible the urclhane bond >hould be to cleavage, and the mole rapidly
i the resin should soften. "this is shown in Table 5. The ether-based
_; 4000-DI became too sot" and tacky for a hardness measurement in 2 days,
, 1540-DI in 28 day_, 1 l)Iin 32 days, and 6O0-D| in 49 days. The
resin 400-DI was ,lot: ,Lened after being exposed to ,hightemperature]
humidity for 256 days 'n it was vacuum dried before testing. However,
the hardness dropped (, ,n an initial hardness of 94A to 47A when the
hardness was measure( with only the surface moisture removed. This
indicates the specimen was plasticized by some absorbed moisture. Table
4 shows that 400-DI absorbs the least water of the ether-based ulethanes
tested.
TABLE 5. EFFECT OF WATER ON HARDNESS OF CURED
URETHANES
:'.,h,,re .'.u',lll,.,.-,.,-.. T.vpc /_,,
c ,PX\ '"'ll [ _'%[
['l'l'|halllt' l'_ll\llt"l' I q_l}l,'lll . l)lll':l[ll)llf'
I','T, ,11 I),lV'. I)rv II l,',,,ei e
l. 12 Ihul,,c:ul,- )[" Is 1 l) !)l
2,ll) tl'.l 92
"rehqael; b .;111'1 I'q,I 11 II ii '16
'Z21 91; _,_
'l'ela_l'n ._, \5'1.-> '_', Ill J - II .r'_,7
'"1 "' 55.... ) .)
NIIP I 2!111111:i l Ii 52
251, 54 511
'['el;ll_l,ii _ ;11ii'! I",-, \I )l L ".. II ,"if|
400 Ill b ]* il I) 'il
251> '-.t., 47
600 I)l h 2'1 ' I} .rli)
-11t Ill
I0t)l) Ill l' 'I. ; II .i'l
'1'2 III
1'i'lO 1)11 _: T ii 31
'.'x t I
4000 I ) !i, I I 1 l) '.t5
'2 11
it. Alklllle tl,I '-+i 'l I II['i'l II.llll' -
|i. I':ltil'l' Is,,i'a'lt lirt.lli :ll,,
(2. _;lilllllc, hlm,,.l'<,_',l Ill _,'. ilt,i i[ li;IPl
(1. liried Iii t.l_.liliii, 4,vt,i, !_,l _'l }l, ull '_- ,I 19ii"l
0. _l.lr|;li['i, lttlfll,-_llll.i, l,,,lti, iv,,tt il,, tlliililll/
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The alkane-based urethane_ _, _ed no sigv_flcant drop in hardness
after being immersed in water at _.6_''_,+ Hardness measurements on the
wet samples indicate very little pl,,_,_'izlng efiects due co absorbed mois-
ture. Hardness measuremevts _,: ;_o deterioration of the alkane-based
urethane due to high humidlty. "_,_,gen-S 3HPL-185-M-DI melted at test
_ewperature and hardness mea_,;_r::_, rots could not be made. The ether-
b_sed urethanes, with the ,x +':, _+._nof 400-DI, reverted to viscous liquids.
C. W,,+,+:, _apor Transmission Rates
Uretl]anc_x>nibrm_ico_tings have been utilizedfor many years on
printed circuitrya,,.a ,_,,,uagainst hostileenvironments, including n_oisture.
However. accelerated te,_ting at high humidity reveals corrosive effects on
! copper conductor patterns of coated test boards indicating that water per-
meates the polymeric film.
The water vapor transmissior, rate through polymeric materials occurs
by three steps. First, the water "dissolves" in the permeable polymeric
film on the side o£ high permeant concentration. It then diffuses slowly
through the film toward the side of lower permeant concentration. Finally
the permeant desorbs on the side of the lower concentration. The per-
meant transport rate through the film is an exponential function of temper-
ature and is also influenced greatly by the chemical interaction between
permeant and barrier material. The driving force for any permeant
through s ,_olymeric film is a concentration gradient of the permeant across
the film. In the experimental measurements described in this report, mass
transport was detected by weight change. The water transmission rate
(R) carries the following dimensions:
MT
R = t-A-
w here
M = mass of water transported, g
T = film thickness, mm
t = time interval, day
2
_ A = film area, cm
1
t
, The value of R is not a true constant for the polymer film, and it is used
in this study for relative ranking.
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' The relative water transmission rates through film prepared from
i the urethane resins were determined using the Fisher-Payne permeability
oup. This device consists of a shallow flanged cup with a matching fiat
i ring. The cL,p was loaded by placing 10 ml distilled water in the reser-
voir. The test film was cut as a circle having the same diameter as the
i outer diameter of the flange. The film was placed on the flanged cup
: and the matching fiat ring was set in place and secured to the cup flange
by three equally spaced clamps. An initial weight of each loaded cup wa_
obtained using an analytical balance, and the cup was placed in a des-
'i
sicator containing indicating drierite, a very efficient dessicant. After
,, period of time the cup was reweighed. The loss in weight represented
t,_e mass of water transported through the film. The water transmission
rate of the urethane was calculated according to the relationship given
for R. All tests were conducted at 30°C.
Water vapor transmission rates for the cured urethane are given in
Table 6. The resins that absorbed the greatest amount of water also had
the highest transmissions rates. This is an expected res :t since one of
the steps in water transmission through film requires that the water
"dissolve" in the polymeric film. The transmission rates for the ether-
based urethanes are a function of the oxygen content of the resin. This
is shown in Figure 8. These data indicate that tb ^ alksune-based urethanes
should have a transmission rate less than 0.2 at 30°C. The rates found
experimentally varied from 0.18 to 0.31. Factors other than oxygen con-
tent of the resin could contribute to the transmission rate. tlowever,
the protection of the circmtry from water by a urethane coating will
depend upon the structure of the polymer. Best protection is offered by
urethane with the lowest percent of ether oxygens.
I). Weight l,ossof Cured Urethanes in Water
Urethanes are cl,,ructerizedby the carbamate linkage
0
H I1
-N -C-O- .
which is subject to hydroiytic degradation. Urethane elastomers have
been known to revert to liquidsor semi-liquidsupon exposure,to a com-
binationof high temperature and humidity. The rate of degradation
depends upon the susceptibilityof the carbamate group to hydrolytic
i attack. The ethe_ group in :he structur_ of the ether-b_med urethanes
i i_ resistant to h_drolysis, ltowever, this group can interact with the
+I protons of water to form hydrogen bonds. This hydr,)gen bonding of
i water to the urethane molecule makes *.he carbamate group more susceptibleto hydrolytic attack, and cleavage of carbamate bonds results in the for-
mation of low molecular wei_.ht liquids. These species are leached out of
MFS-25663
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TABLE 6. WATER VAPOR TRANSMISSIGN RATES THROUGH
CURED URETIIANE FILM AT 30°C
Transmission
rate,
Molecular Oxygen g. xmm
Urethane Polymer Weight Content (%) day xcm 2
1, 12-Dodecane -Dla 552 18.4 0.18
400-DI b 729 28.0 3.0
Telagen-S 3HPI,-186L-DIa 765 14.0 0.25
600-Dib 881 29.2 9.8
1000-DIb 1322 3t.4 73.8
1540-DIb 1799 32.7 294.
Telagen-S A595- 88-DIa 2126 5.7 0.23
NBP 129001a 2737 4.5 0.31
400-Dlb 3347 34.4 c.
Telagen-S 31lPI,-185-M -DIa 4377 2.9 0.23
a. Alkane Based Urethane
b. Ether Based Urethline
c. Film Dissolved
the resin by water with a resulting loss in weiffkt in the resin. Urethanes
prepared from long chain, hydroxyi-terminated saturated hydrocarbon
prepolymers are non polar, provide no hydrogen bonding, are more hydro-
phobic than polyethers, and should shield the hydrolytically sensitive car-
bamate linkage from moisture more readily.
Two and four-inch discs were molded of each material and cured
tbr testing. 'the specimens were immersed in a tank of water m_dntained
at 160°F and tested on a weekly basis initially. The mmiples were removed
from the water and dried in a vacuum oven at 120°F for 24 hr. The
samples were then cooled and weighed. The weight loss was expressed
as a percent of the sample weight.
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Figure 8. Oxygen content of twethane versus water vapor
transmission rate.
Degradation of the ether-based urethanes is shown in Figure 9 and
that of the alkane-based urethanes in Figure 10. After a sharp loss in
weight the first 10 to 20 days of exposure, the specimens lost weight at
a constant rate over the test period. This rate of weight loss is shown
in Table 7. Five ether-based and five alkane-based urethanes were
tested. The highest molecular weight ether-based urethane, 4000-DI,
dissolved completely and rate data were not obtained. No weight loss
was detected for the highest molecular weight alkane-based urethane,
Telagen-S 3HPL-185M-DI. There was some lack of precision in measuring
the very small rates for the alkane-based urethanes. However, consider-
ing these limitations, Figure 11 indicates that the rate of weight loss by
the urethanes in water at 160°F is a function of the oxygen content of
the resins. The ether-based urethanes, especially the higher molecular
weight resins c-ntaining the greater percent of ether oxygens, were
degraded severely. The alkane-based urethanes showed very good
ii resistance to hydrolytic degradation.
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TABI,E 7. RATE O1" WEIGtlT I,OSS OF URF.TtlANES IN WATER
AT 160°F
Oxygen Rate Of
Molecular Content Weight Loss
Urethane Polyme r Weight (_,) ( %/day)
1, 12-Dodecane i)I a 552 18.4 0.00tt03
400- Dl b 729 28.0 0. 0132 :
Telagen S 311PI, 186I, DI a 765 14.0 0.00235
600-Dl b 881 29.2 0.0227
1000-1}lb 1322 31.4 0. 195
1540-D1 b 1799 32.7 0.297
Telagen-S A595 88-D1 a 2126 5.7 0.000167
NBP 129001 a 2737 4.5 0.000277
4000-DI b 3347 34.4 c
Telagen-S 311PI, 185M-DI a 4377 2.9 d
a. Alkane Based tlrethane
b. Ether Based Urethane
e. Sample l)issolved
d. No Weight l_ss Detected
I':. Dielectric Properties of llrethanes
Polyurethanes are used as connector potting materials [ui(t in formu-
lating conformal coatings lk)r printed circuit boards. A maior requirement
: for these materials is gtx)d dielectric properties (low dieh, ctric constant :
and dissipation factor). MSFC SPEC-515, a specification for urethane
molding and potting material, rt_tuires a dielectric constant of 5.0 or less
1
-i and a maximum dissipation factor of 0.09.
2-in. discs, approximately l/Sin, thick, were mohied and cured
for testing the exi)erimental materials. The speeimem, were immersed in
a tank of water m_dnt_dned at 16001: and were initially tested on a weekly
basis. The samples were removed from the water anti dried in a wmuum
oven at 120°F for 24 hr. Dielectric properties were determined at 25°C
and 50 percent relative humidity using a General Radio Model 716C Capaei-
tanee Bridge, Type 1214M IMC Unit Oscillator, Type 1212 PZ IMC Filter.
Type 1203B Power Supply, Type 1212A Null l)eteetor, and Type 1690
Dielectric Sample llolder. MFS-25663
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Test results are siLown in Table 8. The ether-based urethanes
were degraded by hot water at different rates. As the samples became
soft and tacky, they were removed from the test cycle. The specimen
prepared from the alkane-ba_ed urethane, Telagen S 3HPL-185M-DI, was
melted and distorted by the hot water. Eeeause of these complications,
the duration of the tests varied for the different samples. However, no
direct relationship is apparent in Table 8 between the length of time the
urethane was immersed in the water and the final dielectric properties
of the urethane.
The initial dielectric properties of the alkane-based urethanes are
very good and are well within the requirements of MSFC-SPEC-515. The
values found were all within a very narrow range and do not appear to
be a function of any obvious variation in molectflar structure, such as
oxygen content or molecular weight. There was no deterioration of the
dielectric properties of these samples during the test period except for
an unexplained change in the dissipation factor for 1, 12 dodecane-DI.
The initial dielectric properties of the ether based urethanes are
poor. Only 450 DI met the requirement of MSFC-SPEC-515. The dielec-
tric constants ranged from 2.9 to 6.9 for these urethanes and varied in
loose proporti(m to tile oxygen content of the resin. This relationship,
however, indicates that an oxygen content below 20 percent would have
little effect. There was some deterioration of the dielectric properties
during the test period. However, there is no correlation between the
amount of deterioration and the structure of the urethane.
F. Insula.. n Resistance of Urethane Film
The directions taken in recent years by circuit designers have
given rise to new requirements in high resistance materials. Printed cir-
cuit board materials and their resistance to environmental conditions,
such as humidity and elevated temperatures, can be critical to high-
impedance solid-state circuits. MSFC-SPEC-507, a specification for con-
formal coating materials for printed boards, requires a minimum insulation
resistance of 1 _ 1012 ohms.
A 30 percent solution of the urethane was prepared in toluene.
Y-shape(l test patterns were dip-coated to produce a film thickness of
2 to 4 mils and cured. The test patterns were fabricated from 2 oz,
single-sided, copper clad, glass-epoxy laminate and were preps, red accord-
ing to the design requirements of MSFC-SPEC-507. The coatt s_ecimens
were placed in an environmental chamber maintained at 160°F and .)5 per-
cent relative humidity and were initially tested on a weekly basis. Prior
to each measurement the san.Dies were removed from the environmental
chamber and dried in a vacuum oven at 25°C for 3 hr. Insulation resis-
tance measurements were n'.adc using the ttewlett Packard 4329A High
Resistance meter shown in Figure 12, In these tests, the test voltav.e
was 500 V and the charge time was 1 min.
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bloisture l)ermeates the urethane film. as shown in l:ip;ure 13. The
test pattern coated with the ether-based urethane was kept in the environ-
mental test _.hamber for 153 days at 16001: and 95 percent relative humid-
ity as compared to 159 days for the alkane based urethane. The copper
Y-pattern coated with the ether-based urethane is severely corroded
while the one coated with the alka,ie-based urethane is only slightly
-: damaged. The aikane-based urethane coating would offer much better
protection for a printed circuit board in a high humidity/temperature
environment.
Insulation resistance values for the two resin types are shown in
Table 9. The initial values for the alkane-bascd urethanes are very good.
The initial insulation resistance of the ether-based urethanes, as a group,
was lower and would not meet the requirements of MSFC-SPEC-507.
: Their resistance varied from 9.0 x 1012 ohms for 400-DI (28 percent
oxygen) to 3.8 x 109 ohm for 4000 DI (34.4 percent oxygen), but this
relationship (resistance versus oxygen content) was not consistent or well
• defined. After the specimens were exposed to the high temperature/
humidity conditions for 60 days, there was no significant difference
between the insulation resistance of the two groups.
G. Surface and Volume Resistivity of Urethane Polymer_
Resistivity (per unit area or volume) measurements occupy a spec-
ialized place in the field of insulation testing. Strict requirements ,are
necessary to prevent problems in solid state circuit design. MSFC-SPEC-
515, a specification for urethane molding and potting material, requires
a minimum surface resistivity of 1 x 1012 ohms and a minimt_m voluwe
resistivity of 1 \ 1012 ohm-era.
4-in. discs, approximately 1/8-in. thick, were molded and cured
for testing each material. The specimens were immersed in a tank of
water maintained at 160 °r and were initially te_tcd on a weekly basis.
The samples were removed front the water and dried in a vacpum oven
at 120°F for 24 hr. Surface and volume rc_istix,itx, measl_rcmcnts wore
made usinpi the itewlett Packard 4329A tligh Rc_:istanee meter and 16008A
Resistivity Cell vhown in Fiff,urc 12. In these te_t.,:, the test voltage was
500 V and the eharl,_c time was 1 rain.
The tc._t t."chniqL_e is to apply the test voltage to the sample in
such a way as to distribute the potential over both sides (volume) or
one side (surface) of sheet samples of the urcthanes. Revistivity values
arc calculated from the size of the clcetrodc and the dimensions of the
sample.
Surface resistivity is defined as the ratio of potential gradient paral-
lel to the current along a surface to the current per unit width of the
surface. The 4329A meter reatlings are converted to resistivity quantities
u,_,inl,,• th , followin_,_ eXlWt,ssion (derived from the (limension_ of the 1000_A
oh'el rod,.s) : 1_$-25663
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TABLE 9. INSULATION RESIfTANCE OF URETHANE FILM
Insulntion lleststanee (Uhms)
Oxygen
Urethnne Polymer Content
(,",) lnitinl After 60 dnys e
1.12- i)(_lecnne - DI n 18.4 8.1 _ 1014 1.7 x 108
Tela|.,'cn S 31tPl,- 1861, - DIn 14.0 1.8 × 1013 3.5 × 108
'l'elngon S A595 88 - I)i ;I 5.7 9.0 , 1014 3.8 x 108
NBP 129001 a 4.5 9.0 _ 1013 1.9 x 109
Telngen S 311Pl, - 185 _I DI _1 2.9 1.7 > 1012 1.0 , 109
400 - DI b 28.0 9.0 - 1012 5.7 _ 109
600- DI b 29.2 3.8 _ 1011 1.6 x 1010
1000 - DII) 31.4 6.9 x 109 3.0 _ 108
1540- !)1 b 32.7 5.0 , 109 3.2 • 108
4000 I)1b 34.4" 3. g x 109 4.4 x 108
MSFC - SPEC - 507 Rcquirement I x 1012
(rain.)
" n. Alk_lne b;ise(t urethnne.
b. Ether bl=sed urothnne.
c. lmmcPsed in wnter nt 16001:.
o - 18.8 R s ,
ORIGINALPAGEIS
oF POOh_.lTy
where
o = surface 1"esistivity In olmm
Rs = indicated surfsee resistsmee in ohms.
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Volume resistivity is defined as the ratio of the poteptial gradient
parallel to the current in the material to the current density. Thus,
calculation cf volume resistivity figures was done with the following
formula :
19.6
'_ t Rv '
where
, ,, = volume resistivity ill ohm-era ,
t = sample thickness in cms
R = indicated volume resistance in ohms.
V
Test results are shown in Table 10. The ether-based urethanes
were degraded by hot water at different rates. As the samples became
soft and tacky, they were removed from the test cycle. The specimen
prepared from the aikane-based urethane, Telagen-S 3HPL-185M-DI, was
melted and distorted by the hot water. Consequently, not all of the
samples were tested for the 150-day maximum.
The initial resistivity of the alkane-based urethanes was excellent
and exceeded the requirement,_ of MSFC-SPEC-515. Volume resistivity
dropped about a decade and ._urfaee resistivity dropped from 1 to 3
decades over a 150-day test period, llowever, the values still exceeded
those required by MSFC-SPEC-515.
The initial resistivity of the ether-based urethanes varied from 1011
to 16 _.6 ohms and l0 l0 to 1015 ohm-era. Generally, the urethane with the
lesser oxygen content had better resistivity wllues, but this relationship
was not consistent or well defined. Deterioratioit of the resistivity of
the ether-bm,ed materials at'ter exposure to high humidity/temperature
conditions was ,'lot significantly greater than that c.f the alkane-based
materials.
It was concluded that the alkane-based urethanes have excellent
surface and volume resistivity, and retain the_e good properties after
exposure to the high humidity/temperature conditions.
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II. Ozone ltesistanee
Uret'mnes prepared from polybutndiene arc known to have excellent
dielectric, i)roperti_'_ end are hydrolytieally stable. However. when these
materials are placed under stress and exposed to ozone, they deteriorate
because ozone ,ttaeks the double bond in the butadiene structure and
severs the polymer chain. Ether based urethanes are oxidatively stable
: but are not hydrolytieally stable and do not have the excellent dielectric
prol)orties of the I)utadiene-based urethanes. The _lKane-based urethanes
are prepared from hydrogenated polybutadiene propolymers, Since the
doul)lo bond has beetl romow, d from the polymer chain, there is no point
:- of attack for tile ozone. Tile saturated nlkane-bnsed urcthancs should be
oxidatively ._tablo while retaininl, r hydrolytic stability and excellent dielec-
tric propert!es.
All test specimens and a commercially available htltadiene-based
urethane were tested t't_r resisUmce to ozone, l)umbbell specimens were
mohled from each typt, of urethnne. These m_eeimens were mounted in a
ft,ame under :;tres,,_. The frame and spet'imens were exposed for 7 days
to an ozone coneentrzdion of 50 parts pt, r 100 million parts air at 38°C.
At the end of the exi_(:st]re time tile specimens were examined for cracks.
Figure 14 eOnll)ares a:l unexposed dumbt)o.ll of each type of urethane with
one that has been t,xposed to o_:Olle. 'l'|lebutndiene-based urcthane which
WaS cxt_osed to ozt)lit, was erlteked and ,_overely deteriorated. The ether
and nlkane-ba,_ed tlrethalles were not tt_mltt|_'eti. Both the ether-based and
the nlkane based urethanes are oxidatively stable.
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IV. C()NCI,IISIONS
llee_t:tse of the non-polar tlattlre of the hydroearL_m backbone in
the prepo[ymer, .Ik:me bam:d urethanes were found to be superior to
their ether eounterpart._with respect to hydrolytic stabilityand electrical
l_roperties. Comnlerei_dly avaihd_h, ttrothanes are usually based on some
type of t_olyetltet °.
iligh tenq_er_dure/huntidity cott(iitions had very little effect on the
physie_d l_t'oi_ertie,i of tilt, ail_,|tlo IHlse¢! t|t'cthanes. Water vtipor transmis-
sion l',tles lhl'otti_'h film l)l't'l)ltPetl from tile urcthane were very low as
eOlllp,'lrO(! to that I'or tilt, ether Imsetl tlrolhane,q. 'Pile alktllle btlscd mate-
rials £1bsoebotl little or no w:stt, r. :lad showed very little weil,_ht loss in
water at 160°F.
Tile hydrophilic ether based urethanes swell and absorb water and
their fihus have rehttivcly hit,/h water vapor tl'ltnsmission rates. The mate-
rials lost weip,'ht when inmlcr,,_otl it_ water nt 160°1 :. The highest molecular
weilr,ht (gre:ttest number of ethor oxytTens) resin dissolved completely in
water', l:otir of five specimens reverted to a liquid or r,cmi-solid. The
resistance to water of the ether l)_lsod urothanes ",,nriod from fair for the
rt'sill It)wt, st ill otllor oxytT(,tl eont(,llt to pt)or |'¢_r the one tlitThest in ether
¢_xy|_otI t'otltotH.
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The initial electrical and dielectric properties of the aLkane-based
urethanes were very good. In all instances, for those properties tested,
the values exceeded the requirements of era'rent MSFC specifications for
potting compounds and conformal coatings. Except for insulation resistance
(for eonformal coatings), the properties were still very good after the
specimens had been immersed in water at t60°F for as many as 200 days.
The dielectric properties of the ether-brined urethemes va_ed from poor
for the high moleeu]ar weight urethanes to good for the low molecular
weight resins. Generally there was greater deterioration of the dielectric
properties of the ether-based urethanes after exposure to hot-humid con-
ditions than for the alkane-based urethanes.
The alkane-based urethanes were found to be oxidatively stable in
contrast to the commercially available urethanes based on polybutadiene.
Butadiene-based urethanes have excellent dielectric properties. The
alkane-based urethanes have ret_ned these excellent dielectric properties
of the butadiene-based urethanes, but do not suffer from the oxidative
, instabilitycommon to the latter. The hydrolytic stabilityof the alkane-
,I based urethanes is also superior to that of the ether-based materials.
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